The objective of this paper is to report a part of an ongoing research on the influence of using crushed basalt as aggregates on one of durability-related properties of concrete (i.e. alkali-silica reaction which is the most common form of Alkali-Aggregate Reaction). Alkali resistance has been assessed through several methods specified in the American Standards. Results of petrographic examination, chemical test (ASTM C289) and accelerated mortar bar test (ASTM C1260) have particularly been reported. In addition, the weight change and compressive strength of 28 days cured concrete containing basaltic aggregates were also reported after 90 days of exposure to 10% NaOH solution. Dolomite aggregate were used in the latter test for comparison. The experimental results revealed that basaltic rocks quarried from As-Swaida'a region were suitable for production of aggregates for concrete. According to the test results, the studied basalt aggregates can be classified as innocuous with regard to alkali-silica reaction. Further, the 10% sodium hydroxide attack did not affect the compressive strength of concrete.
Introduction
Basalt is the most common type of extrusive igneous rock and the most common rock type at the earth's surface [1] . Basaltic rocks are used extensively as engineering materials including aggregates for Portland cement concrete and asphaltic concrete [2] . Few published test results on the properties of basaltic rock aggregates indicate that the use of crushed basalt aggregate can significantly affect the properties of concrete [3] [4] [5] . Syria is very rich in Basaltic rocks. Due to some concerns, use of basalts as aggregate material is very limited in Syria. One of the most important concerns is the risk of the alkali attack by the cement paste which leads to what is commonly known as alkali-aggregate reaction. For this reason, a particular attention was recently given to the evaluation and the potential exploitation of basalt which is broadly DOI: 10.1515/sspjce-2015-0014 abundant in Syria. More than 30 000 km 2 of the country is covered by tertiary and quaternaryage volcanic rocks [6] , among which basalt occupies important volume with estimated reserves of about several billion tonnes [7] . There are few geological investigations on these volcanic rocks. However, their potential use as concrete aggregate is still not well established.
Concrete is highly alkaline with pH values normally above 12.5, and is easily attacked by acid solutions [8] . Siliceous aggregates such as basalt are generally acid resistant [9] [10] [11] . However, these may be susceptible to attack by alkalis, depending on the nature of the silica minerals [11] . Alkali-silica reaction, which is the most common form of alkali-aggregate reaction, is a reaction between the hydroxyl ions in the pore solution of a concrete and certain forms of silica occasionally present in significant quantities in the aggregate, the most reactive forms of silica being the most disordered forms , namely, opaline silica and volcanic glass [12] . As a result an alkali-silica gel is formed. This gel may imbibe water and swell, sometimes causing disruption of the concrete [13] .
Although there are a lot of studies on using basalt rocks as concrete aggregate, no detailed research was conducted in the past to investigate the potential use of basalt as concrete aggregate in Syria. This study is part of the first detailed research in Syria to investigate the potential utilization of basalt as concrete aggregate, and its effects on the performance of concrete. The objective of this paper is to report a part of this ongoing research on the influence of crushed basalt as aggregates on the alkali resistance of concrete. Alkali resistance has been investigated through several methods specified in ASTM. Results of petrographic examination, chemical test [ASTM 289] and accelerated mortar bar test [ASTM 1260] have particularly been reported. In addition, the weight change and compressive strength of 28 days cured concrete containing basaltic aggregates were also reported after 90 days of exposure to 10% NaOH solution. Dolomitic aggregates were employed in the latter test for comparison.
The study is of particular importance not only for the country but also for other areas of similar geology, e.g. Harrat Al-Shaam, a volcanic field covering a total area of some 45 000 km 2 , third of which is located in the country. The rest is covering parts from Jordan and Saudia Arabia, as shown in Fig.1 .
Materials and methods

Materials
The basalt used in the experiments was collected from two different sites in As-Swaida'a region, about 100 km southeast of Damascus, as shown in the Fig.1 . Crushed dolomite extracted from Hassia region, about 120 km north of Damascus, was also used for comparison in the exposure to 10% NaOH solution. The chemical analysis and some requirements of the basalt samples and the dolomite sample are summarized in Table 1 and Table 2 , respectively. The chemical analysis was carried out by means of X-Ray fluorescence. The cement used in the experiments was obtained from Adra Cement Plant, Damascus, Syria. Chemical analysis of cement is shown in Tab.1.
Three concrete mixes were prepared. The first and second mixes were prepared by using crushed basalt aggregates while the third by crushed dolomite aggregate. The grading of aggregate mixtures was kept nearly close to fuller's curve for all concrete mixes. Their quantities in 1m 3 concrete mix based on oven-dry condition are summarized in Table 3 . All concrete mixes were designed to have a water-cement ratio of 0.6 and a slump of 100±20 mm. Concrete cubes (150 mm) were cast for each of aggregate type and curing age for the determination of compressive strength. Concrete cylinders (100mm×200 mm) for each of aggregate type were cast, for investigating the alkali resistance of concrete mixes. Two slice of 100 mm in diameter and 50 mm in thickness were cut from the middle portion of each concrete cylinder specimens (100×200 mm). They were used for immersion in the 10% NaOH solution. 
Methods
The compressive strength development was determined on 150 mm cubic concrete specimens in accordance with ISO 4012, at ages of 2, 3, 7, 28, 90 days. The alkali resistance was assessed though different ways specified in the American standards. The first of these was done through the petrographic analysis. The second was the chemical test conducted in accordance with ASTM C289. The potential reactivity of the investigated aggregates was assessed from the analytical results by reference to a graph given in the method which correlates test results with the known field performance of a number of aggregates. Mortar bar length measurements, as carried out in accordance with ASTM C1260, are recommended to confirm chemical test results. This test is one of the most commonly used tests worldwide at present [11] . The method involves monitoring expansion of mortar bars containing the test aggregate and immersed in a 1M NaOH at 80 o C. In addition, ASTM C-267 was also employed to assess the alkali resistance of basalt-based concrete specimens. The total alkalinity (Na 2 O + 0.658K 2 O) of the cement used for making concrete is about 1%. After 2, 7, 14, 28, 56, 90 days of immersion in 10% NaOH solution, each specimen was removed from the baths, brushed with a soft nylon brush, and rinsed in distilled water. The specimen was then dried and weighed. The alkali resistance was evaluated through the visual inspection of the tested specimens and the measurement of the weight change of the specimens determined as follows: Weight change (%) = W o -W i /W o ; Where W o is the weight (in grams) of the specimens before immersion and W i is the weight (in grams) of cleaned specimens after i-day of immersion (i: 2, 7, 14, 28, 56, 90 days). After weighing, each slice was then returned to the appropriate solution. After 90 days of immersion, all specimens were photographed and tested for the determination of compressive strength. The evaluated concrete specimens were cured for 28 days. The average value for four specimens was considered for assessment. Crushed dolomite was used for comparison. 
Results and discussion
Properties of basalt
As seen from Tab.3 and Fig.3 , crushed basalt rock is classified as basic basalt and can be considered as suitable material for use as aggregate. It satisfied the standards requirements for such a material by having a specific gravity of more than 2.6, water absorption (%) of less than 2%, a sand equivalent of more than 70%, a Los Angeles value (%) of less than 45 and Na 2 SO 4 soundness of less than 12 for coarse aggregates, respectively. In addition, the chemical composition of basalt aggregates, as shown in Tab.1, is also in conformity with the standards requirements. Their contents of Cl -and SO 3 are less than 0.05% and 0.2%, respectively.
Compressive strength of concretes
The development of the compressive strength with age of basalt-based concrete (BBC)-and dolomite-based concrete (DBC) is shown in Fig.4 . As expected, the compressive strength of the concrete increases with curing time with a high rate of strength gain at early ages which gradually decreases at longer ages. BBC specimens have higher compressive strengths beyond 7 days when compared with DBC ones. The relatively higher compressive strength of DBC at early ages may be due to some interfacial chemical reactions which may improve the bond strength [4, 30] . In return, the higher compressive strength of BBC beyond 7 days could not be easily explained in the normal strength concrete. Tasong et al. [3] indicated to the higher apparent interfacial bond strength in basalt when compared with dolomite. Furthermore, according to authors, crushed basalt is more angular and rougher than dolomite. This may make the interfacial transition zone (ITZ) when using basalt more compacted, and thereby the bond between the hydrated cement and aggregate becomes stronger.
Assessment of alkali resistance
The petrographic study could be very useful for determining the potential reactivity of aggregates. The petrographic examination of the two investigated aggregates showed that olivine, clinopyroxene, plagioclase and volcanic glass were the main constituents of both of them. Their percentages, according to an optical estimate, were approximately 20%, 20%, 30% and 20%, respectively. Traces of clay minerals were also observed. Fig.2 shows thin sections of the used basalt. Wakizaka [15] implied that volcanic rocks including volcanic glass are susceptible to alkali-silica reaction. From the point of alkali-silica reactivity, volcanic glass existing in the samples could be important. However, basalts are typically of low reactivity, but where petrographic identified glass, ASR reactivity could be higher. The chemical nature of the glass also plays a role, with acidic glasses (those richer in SiO2) being typically more reactive [16, 17] . According to Le Maitre et al. [18] , both of basalt samples can be classified as basic basalt, as illustrated in Fig.3 . Further, the chemical analysis of the basalt (see Tab.1) demonstrated that the basalt had around 45% SiO 2 . According to Katayama et al.
[20] the basalt could be unreactive when its silica content is less than 50%.
The reduction in the alkalinity of a normal solution of NaOH when placed in contact with pulverized aggregate at 80 o C is determined, and the amount of dissolved silica is measured. The Results for both investigated aggregates are plotted in Weight changes of concrete samples after 90 days of exposure to 10% NaOH are plotted in Fig.7 . All the investigated aggregates gained some weight. Weight gains for specimens of these aggregates varies from 0.2 to 1.0% of their initial weights. This could be attributed to the non-leaching of lime in the alkaline environment and the non-susceptibility of these aggregates when exposed to a highly alkaline environment. In addition, no evidence of alkalisilica gel or network of ASR cracks covering the concrete surface were noted. Further, the compressive strengths of concrete samples containing the investigated basalt were not affected by this exposure, and no decrease in strength was observed.
Further, inspection of concrete structures of 10 years old or older could be a reliable mean to determine potential ASR susceptibility of basalt aggregate [23] . The environments which are most conducive to deleterious reactivity are moist, damp and wet-dry environments [23] . Two structures for each basalt were inspected. The first one was concrete water tank constructed in the beginning of 2000 while the other was juice production plant which is about 12 years old. Reviewing the project records, showed that the alkali-level of the cement used in the inspected concrete was more than 1%. No map cracking, evidence of movement due expansion or deposits of alkali-silica gel were observed along scaled concrete surfaces. 
Conclusion
Based on the experimental results reported in the paper, the following conclusions can be drawn:
-Since the properties of Al-Swaida'a basalt meet the specification limits, basalt can be used in the PC concrete mixes.
-The physical and mechanical properties of both crushed basalt aggregates were superior to those of crushed dolomite aggregates. However, the bulk specific gravity of the former was more than that of the latter aggregates.
-The results from the dissolved silica in the chemical test method matched the behavior shown in the accelerated test method (ASTM C1260) for the samples tested.
-Based on the test results, both of basaltic aggregates were not susceptible to alkali attack. They did not produce a deleterious reaction and a decrease in compressive strength when used in a highly alkaline environment. So, not all basaltic rocks will react deleteriously in the concrete. However, appropriate performance testing of another aggregate source is recommended to confirm alkali-silica reactivity.
